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PREFACE. ' 



tot 



The following observations upon the influence of an- 
thracite ftiel upon health were read before the "Boston 

Society for Medical Improvement," at their meeting on 

the 10th instant. 

The paper is published in this form in the hope that 

it may contribute to a general knowledge of one of the 

many ways in which disease may be prevented and health 
may be preserved. 



109 Charles Street, Boston, 
February 20, 1868. 



ANTHRACITE AND HEALTH. 
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Sixty years ago anthracite coal was regarded 
all over the world as incombustible refuse. Its use 
in America dates from the period when supplies of 
English coal for the manufacturers of the Middle 
States were cut off by the war of 1812. Attention 
was then drawn to the anthracite deposits in Penn- 
sylvania, and many vain attempts were made to 
use them. 

These efforts were finally successful ; and within 
ten years, or about 1820, the use of hard coal for 
manufacturing purposes became general. It was 
iiot however until about 1830 that it began to 
be employed for warming houses, and still later for 
cooking. Recently it has become the fuel gener- 
ally used for both these purposes. 

There has always however been a minority of 
persons who have disliked it in their houses, who 
have resisted its introduction in the rooms in which 
they lived ; and not a few who after trial have dis- 
carded it and substituted bitum.mov\a cos\^w^^c>^^* 
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Its great ecouomy of labor and its heating power 
have been sufficient recommendations however to 
allow of its almost universal use in hot-air furnaces; 
and at the present time it is safe to say that 
ninety-nine dwelling-houses out of a hundred itt 
Boston are, in whole or in part, warmed by thi 
fuel burned in iron stoves, or in the iron fire- 
of a furnace which is but a stove in another form. 

The object of this inquiry is to learn if we can 
whether this is conducive to health; and if inju- 
rious why it is so. 

It is a matter of common observation that dif- 
ferent kinds of fuel give apparently different kinds 
of heat. Hard coal on the one hand, and soft 
coal and wood on the other, produce different 
impressions. Anthracite burning in an open 
grate affects, if not everybody, certainly a great 
majority of persons very differently from an open 
fire of wood. 

The heat is radiant in both cases, warming the 
floor and the furniture and the bodies both ani- 
mate and inanimate on which its rays fall ; thV 
temperature may be the same; the ventilation 
also is, or may be, perfectly good in both casea; 
yet the impressions, not the moral impressions 
affected by a beautiful fire or pleasant associations, 
but the impressions upon the nervoys system are 
quite different. 

Whb a certain proportion of persons who may 
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supposed to be more sensitive, anthracite burned 
this way under the most apparently favorable 
3umstances causes difficult respiration, head- 
le (often described as if an iron hoop were bound 
ind the h^ad), dizziness, confusion of ideas, lan- 
3r, heaviness, — a group of symptoms leading to 
5 suspicion of the presence of a narcotic poison. 
ese unpleasant sensations are generally removed 
Qost immediately on breathing the open air. 
Many other persons without analyzing the effects 
produces do not like a hard-coal fire, and in 
te of its convenience and economy will not use 
in the rooms which they occupy through the day, 
i burn soft coal or wood in their parlors and 
siness-offices at twice the cost of anthracite. 
The same difference may be observed in stoves 
ruing wood or anthracite, although it is less 
parent because usually in both cases ventila- 
n is bad, and impressions produced by foul air 
scure those which proceed from fuel. 
In the case of furnaces we have a fair subject 
comparison between those which pass the air 
er and around a heated fire-pot containing an- 
racite, and those in which the air is conducted 
rough coils of pipe containing either steam or 
t water, and enclosed in a confined space in the 
liar or basement. 

In each of these cases the air is forced into the 
oms above, and ventilation may \>^ ^^\fe^^ 



difl 



good I the temperntiire may bo tlio snTiie ; yet tt 

iprpssiuus made by these two kinds of boated 

le proceediugfi'om a fire-pot tilled with iinthradl 

' the other from pipes filled with eteam coiidenab 
into water, or witb hot water, are to many poFBO 
quite diS'erent and can be distiiiguished. 

If further proof ia needed of the reality of tl 
difi'erence it may be fimnd in the notion of tin 
4wo kinds of heating-apparatus upon plants. 

It ia notoriously difficult to make the UM 

ilicate varieties flourish io houses warme<I I 
anthracite stoves or furnaces. A gentleman 
versaut with plants informs the writer that et$ 
rience haa proved that hot^nir anthracite furnan 
like those in dwelling-houses, caunot be used 
greenhouses. 

Where anthracite is the fuel employed, as 
generally is, the fire is in a separate building a 
heat is communicated to the greenhouse eitherl 
hot-water pipes carried round its walla and tinfl 
its floor, or by brick flues carrying the heated 
with the products of combustion by a long ( 
circuitous passage round the building; heat bdi 
thus radiated either from the "vftter-piijca or t 

ick-work. 

In seeking an esplanalion of these phcnomei! 

is pi-oper to mention certain coujectui-es wU 
e been made as to the physiological 
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»y with light is the basis upon which they rest. 
^hu8 it has been suggested that rays of heat from 
ifferent bodies may have properties corresponding 
dth their refrangibility and rates of vibration. As 
npressions of color are found to depend on rates 
f undulation in rays of light, so the various im- 
ressions of heat upon the human body may depend 
pen the rates of undulation in rays of heat. 

The belief is very generally entertained among 
aose who feel and complain of the unpleasant 
ffects of anthracite fires that they are due to 
ryness of the air. It is also not uncommonly 
elieved that passing air ov^r red-hot iron removes 
s oxygen as well as its moisture ; deprives it, in 
>me way, of qualities essential to the support of 
3spiration, and burns the dust which it contains ; 
aat all these things are injurious to health ; and 
lat the remedies are found in moderately heated 
■on and abundant evaporation. We propose, as 
riefly as possible, to consider these several state- 
lents. 

Iron excessively heated may finally be burned, 
Bd by that process deprive the air in contact with 
; of a portion of its oxygen. In no other way 
an its oxygen be removed, and how slow this 
recess is may be known by the number of years 
dquired to burn the fire-pot of a furnjice, the chief 
estruction of course going on within and not 
ritfaout. 
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It is within bounds to say that one pair of \m 
will consume more oxygen in a given time than i 
heated iron of a hundred furnaces. In so far 
oxygen and nitrogen are concerned, a furnace, h 
ever heated, has no power to change these ga 
in the slightest degree except by burning i 
consuming the iron in their passage over 
Excessively heated iron burns the dust with wh 
in crowded towns the air is always filled, 
stream of sunlight falling in a darkened room ^ 
show how abundant this is. It consists ofl 
detritus of every imaginable thing used in ( 
social economy ; clothing, food, organic emanatic 
from our bodies and those of the lower animi 
shoe-leather, mineral particles raised from i 
earth, besides the germs of infusorial life a 
cerned in all the processes of putrefaction i 
decay. 

It seems at least probable that the destinic^ 
of most of these substances would relieve us ft 
danger, as they are supposed to be agents. in 1 
propagation 8f disease. The part which infusd 
life may play in the human economy is obscure;! 
useful office which it fulfils in the living body ifl 
yet unproved. So far as known its duties are < 
clusively with dead organic matter. It has \k 
suggested that the particles of which dust is oH 
posed are not burned in their passage over heii 
iron, but that organic. raatevial may be so chaojj 
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J heat as to give it new properties, the uature of 
hich is unknown, but which may have an injurious 
jPluence. It is quite possible this may be so, but 
unproved. We know that dust so charred has 
offensive odor. 

iron excessively heated any power of ab- 
ating moisture from air passing over it, or any 
luence upon the vapor of the air differing from 
which it receives from iron heated to a moder- 
degree ? The drying of air by heating it is rel- 
^e and not absolute. The capacity of air to hold 
)Y in the form of invisible vapor is enormously 
led as its temperature is raised. Thus air at 
above zero, Fahrenheit, will retain 1.11 grains, 
30° 2.21 grains, at 50° 4.28 grains, and at 70° 
ins to the cubic foot. These are the points of 
ition, and any addition of vapor at these tem- 
ktures must fall as visible water. Instead of 
kcting moisture, heated substances of any sort 
rever heated and to whatever degree simply in- 
the avidity of air subjected to their influence 
the absorption and retention -icf additional 
lOnts. Theoretically it makes no difference in 
Cur as moisture is concerned whether the air 
room at 65° or 70° has attained this tem- 
jure by passing over a long range of pipes 
iDing water at a temperature of 160°, steam 
dmperature where it is condensed into water 
), or red-hot iron plates at a temperiv.twY<i v^^ 
^ to 1,500^. Practically, we av^ ijjt«^^x^^\» 



M 



Aira&aumB and : 

■show that this is confirmed by observal 
SevoD dry aiid wot-bulb bygromotors mudo by 
Siefert and carefully compared before being ira 
were placed ou the 27tli January, 18(}8, in ae d 
differeDt buildiugs warmed in all the prifli 
modes now iu uso, viz., hot-water pipes, * 
pipes, furnaces for burning antbi'scite, ooo fin 
for IjLrniug wood, and one largo room warma 
an open grate bnruiug anthrtusite. 

The object of the inquiry being to tiaca 

hether the kind of heating apparatus had tup; 

flucnoe upon the moisture of the air, and particol 

whcthor iron heated to 1,00()° made the air [ 

over it dryer than iron heated to IfJC, no 6 

•rating apparatus was used in any of the » 

lildings except the fifth. 

These observations were made iu the ooldAst 

m of the year, and when all the means of wari 

whicli our climate oau demand were reqd 

'nrlug the firat thirteen days the morcuvy II 

se above 32° and was once observed beloir j 

The martciugs of the dry and wet bulba i 

[Oted at 9 a. m. and 2 p. m., and from them tbl 

itive humidity was asoerUiiued by referoiiti 

Glaisher's Paychrometrioal Tables published ill 

collections of the Snitthsoniaii Institution. 

No. 1. A moderate-sized private dwelling-lu 

'armed entirely by a liotr-jiir furnace biinilt^ 

trac'ite. Fire-pot not lined ; coal i 

No evaijorating ftppawXaasJ 
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No. 2. A larger private dwelling-house, warmed 
by a hot-air furnace burning anthracite. No evapo- 
iting apparatus. 

No. 3. The library of the State Houscj warmed 

ly hot-water pipes in the cellar until February 5th ; 

m and after that date by steam pipes in the cellar 

id a few coils in the room. No evaporating appa- 

itus. 

No. 4. Library of the Boston Athenaeum, warmed 
}y hot-water pipes in the cellar. No evaporating 
iparatus. 

No. 5. A large room (about twenty-two feet 

[uare) on first story of a dwelling-house, warmed 

>y a gi'ate burning anthracite. The entry of this 

louse moderately warmed by an anthracite furnace 

[over which from six to eight quarts of water are 

raporated daily. No register from furnace enters 

le room where observations were made. 

No. 6. A dwelling-house, warmed by steam 

ipes enclosed in basement. No evaporating appa- 

itas. 

No. 7. A dwelling-house, warmed by a furnace 

ling only wood. No evaporating apparatus. 

The figures in the column headed " relative hu- 

ddity " show the proportion of moisture held in the 

Ir relative to the amount which could be retained 

the temperature indicated by the dry-bulb ther- 

meter, saturation being 100 in all cases. 

2 
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• of lioiises warmed in several different ways. 
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It will be seen by the preceding table that the 
greatest relative humidity, or the moistest air, 
found in the house warmed by air which had pasj 
over iron heated to a very high degree, • — certainl] 
often during this period to 1,000° Fahrenheit. 

The least relative humidity, the driest air, W! 
found in the library of the Athenaeum, in which: 
had passed over pipes heated to a point always l( 
than the boiling-point of water, and usually abo« 
170° Fahrenheit. 

The library of the State House (hot-water 
steam pipes) was almost equally dry. 

Both the libraries were drier than either of 
dwelling-houses, and probably for two reasoi 
The temperature was higher, and the relative hi 
midity diminishes rapidly above a temperature 
65°. Also the absence of cooking operations 
of collections of water such as are found in all dwel 
ing-houses contributed no doubt to the result. 

No. 5, the room warmed by an open grate bi 
ing anthracite, is above the average as regai 
moisture, but it may have been and probably 
affected by the evaporation of water in the funw 

Of the four remaining dwelling-houses, the dii 

ences of humidity are only such as might be 

pected from their comparative size and from 

different number of persons occupying them. N 

1 probably received more vapor from respiratic 

and from culinary operations than either of tbfl 
other A \ 
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Nos. 2, 6, and 7, one warmed by a comtoou an- 
hracite furnace, another by steam pipes, and the 
bird by a wood furnace which was often heated in 
}arts to the point of incipient redness, show almost 
precisely the same results. 

We think the conclusion may fairly be drawn 
&om this record that iron heated to any point pos- 
fible in ourjumaces has no power to abstract moisture 
from the air. Theory and practice in this respect 
are in perfect accord. Each confirms the other. 

In so far as artificial evaporation is concerned it 
is equally needed with steam pipes * and hot-water 
pipes as with fire-pots heated red-hot. If the air of 
a room warmed to 65° or 68° by hot-water pipes is 
pleasant, and the air of a room warmed to 65° or 
68° by an anthracite fire is unpleasant, in both cases 
no artificial evaporation being employed, the differ- 
Bnce is not in the simple dryness of the air and 
must be in something else. 

Moreover if the anthracite-heated room is really 
made more tolerable at these temperatures by the 
addition of vapor, as many intelligent persons main- 
tain, it appears to the writer that it must be through 
some action of vapor as yet unexplained. Certainly 
the need of additional vapor is not felt at these tem- 
peratures with radiating open fires of wood or bi- 
tuminous coal, or with heat derived from hot-water 
pipes or steam pipes. 

♦ Buildings specially arranged for dryVng eottoxi cVotb.^ wood^ 
*r other materials, are usually heated \>y steam V^^^^» 

2* 
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The degree of relative humidity which ah* shooU 
possess for healthy respiration has beeu the subject 
of much inquiry, and particularly in our anthracite- 
burning community where it is no uncommon thing 
to find the temperature of a room 75^ or 80° at ft 
height of five feet from the floor, and ten dey 
higher at the ceiling. We believe that a right und( 
standing of this most important subject has not yi 
been reached, and that some of the difliculties in 
solution of the question are to be found in the ui 
ness of air for respiration from other caus§s than itol 
condition of humidity. Some of these qauses iw 
shall presently refer to. The quality of air intha 
library of the Boston Athenaeum is worthy of tta 
notice and observation of those who are interested itt I 
the subject. This air, coming through coils of iroij 
pipes containing water much below the boiling-poiiitij 
it will be seen by the preceding table is exceedingl] 
dry and yet perfectly agreeable, and its wholesoi 
character when as is usually the case it is 
queutly changed by ventilation can hardly 
doubted. One reason why the need of sp( 
evaporating apparatus in our houses is so much ii 
sisted on is a purely theoretical one. The argumc 
is something like this : Air taken from out of d< 
at the average winter temperature of 28° with 
relative humidity of 60 (saturation being 100) 
tains 1.26 grains of vapor to the cubic foot. 

Raise the temperature by a furnace so that 
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thermometer shall be at 68° within the house, and 
unless water is artificially added the relative humid- 
ity will be 17, which is drier than the air of a des- 
ert. All this is strictly true, yet practically in our 
bouses it is not so. Water is added in all such 
neases, but the sources of its supply are not obvious. 
JThey are found in respiration, in all the numerous 
•rollections of water about £he interior of houses, in 
HJalinary operations, in the stores of water contained 
•in all hygroscopic substances (and almost everything 
148 hygroscopic), and very possibly by the absorp- 
tion of additional amounts of vapor from the outer 
air through all the channels concerned in natural 
ventilation, by windows and doors, and cracks and 
crannies of every kind. There is however in spite 
r^of all these means of adding to the relative humidity 
f heated air a certain obscurity as to the sources 
>f supply. Thus it is stated by Haller* that ex- 
iriments 'carried on over six years with the Meiss- 
>r stove common in Germany showed that the 
ilative humidity was not lessened at all by moder- 
warming. 
Y The preceding table gives abundant proof that the 
ilative humidity of air raised 50° or 60° is not 
lEDged hi anything like the proportion which would 
:i8t theoretically, and which would certainly exist 
practically if all sources of additional moisture could 
excluded. 

♦Die Jjuftung and Erwarraung der KmdeT8\.v3L\ift mw^^^^^^^^- 
Zlwmers, Von D. C. HaUer, 1860. 
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Another cause of error in reasonings upon 
subject seems to be found in overlooking the po 
of adaptation which man possesses to changed co) 
tions of humidity, as well as to so many other 
the circumstances by which he is surrounded. ' 
human body cannot be regarded as an inanin 
hygroscopic substance liable to warp and crack 
a piece of furniture. A close analogy may be 
covered between the capacity not only to bear, 
to enjoy the highest health under extreme altei 
tions of both temperature and humidity. Aoii 
heat is -maintained at about 98° whether the U 
perature of the air is 20° below zero or 100° abc 
It by no means follows because the air is dry t 
the evaporation from the human body is in p 
portion to its aridity, although this no doubt 
an effect. But supposing this excessive evap( 
tion were proved, it still remains to be shown 1 
the effects upon health are injurious. ' A mai 
in himself a reservoir of water, three-quarters 
his whole bulk being composed of that elemc 
and he is also a great evaporator, giving off by 
skin and lungs, according to the best authorit 
from 25 to 40 ounces or about a quart of water 
day. This exhalation is doubtless controlled, 1 
ited, and regulated by the nervous system. ( 
tainly knowing these facts we may at least dc 
the expediency of adding the evaporation of wi 
to the heating apparatus in any crowded assemi 
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Bl theatre or lecture-room containiug 2,400 people 
already provided with au evaporating apparatus 
»wing into the air 25 gallons of water per hour, 
id under such circumstances the air soon becomes 
iturated unless frequently renewed. That satur- 
warm air is exceedingly oppressive is a fact 
^liich everybody recognizes in the dog-days of Au- 
ist. Those who have been long exposed to the 
tmmer air of the low-lying wet regions of our 
luthern coast will not need to be reminded of it. 
the other hand, the dry air of the interior of the 
uth American continent is reported by Boussin- 
kult and others to be exceedingly healthful and 
'eeable. Who can say that the dry air of Minne- 
ita is less salubrious than the moist air of Nan- 
icket or Newport? There is no reason to suppose 
it either is wanting in conditions of humidity 

• 

ivorable to health and long life. The meteor- 
logical tables of the Smithsonian Institution enable 
to compare these two regions for 1859. New 
dlford, Mass., at 90 feet elevation above the sea, 
a mean relative humidity of 80, while Fairfield, 
[owa, 940 feet elevation above the sea, has a mean 
>Iative humidity of 61, saturation being 100. 
the three winter months, the minimum 
lomidity was often observed at Fairfield as low as 
, and sometimes even 5. The same is no doubt 
16 of St. Paul, Minnesota, so much resorted to 
invalids; but of the hygrometry oi ^wwv^'s^^iXss. 

r. 
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can learu nothiug positive from any repolf 
published by the Smithsonian Institution, altlioq^ 
it ia understood that they have a mass of observl 
tioas made since 1859 bnt not yet reduced t9| 
form for publication. i|| 

Evidence of the heaUhfuhieaa of dry air is l^ 
afi'ordod by the experience of aretic voyagera. I 
those excessively cold regions the air of the fflfl 
ins of vessels, heated to 60° or 70°, must I 
as dry as auything which can be found iB B 
world. It is stated by Mr. Stoinmetz, an En^ 
writer on meteorology, that the wainscoting of ftl 
cabin of a ship in the arctic regions sometimes shriM 
half an inch in a panel of fifteen inches width. T< 
it is well known that the health of crews iu M 
frozen seas is singularly preserved. I 

!n view of this tolerance of air almost devoidfl 
>r and the ready adaptation of the human sy«M 

Buch extremes, it may be suspected that it ffOM 
bo more reasonable to regard the absolute as n 
as the relative humidity of aii". Although aa heU 
stated air raised from 28° to 68° beeotnoa re2ara| 
dry, it remains a6so?w(e^/ nearly as humid as belM 
the only difference being in its expansion of volnfll 

iich between the points referred to wouM 1 
about nine-hundrcdths of one per cent. 4 
lay also be imagined that tho human body bAOtM 
in tho winter months attimcd (if the exprenl 
OMj' be sHoiyed) ta a dinuuisheA amomit otitU 



ury, 
i^ttiec 

I may 
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vapor, and that a single grain to the cubic foot, 

^hich is even more' than we get in the outer air 

firtth the temperature at zero, is in accordance with 

8 general plan of nature whose workings in this 

ct as in so many others are imperfectly 

erstood. 

The tolerance by man of air possessing the ex- 

mes of humidity is shown on the one hand by 

good health of sailors in tropical seas breathing 

very nearly or quite saturated with moisture, 

•8 grain to the cubic foot at 80° Fahrenheit ; and 

tthe other hand by the robust and vigorous 
1th enjoyed by lumbermen and arctic adven- 
jlsrers breathing air which, at 10° Fahrenheit, holds 
1 1.1 grain to the cubic foot. In the latter case 
e may also suppose that the air is raised in 
mperature even higher than the tropical air 
fore it reaches the air-cells of the lungs, and sup- 
ied with at least ten or twelve grains of vapor to 

cubic foot before it is expired. 
Yet this hydrating process is performed for an 
efinite period without the least inconvenience, 
tile man is duly supplied with clothing and 

"* One of the most marked disadvantages on the 
pore of health attending a very moist artificial 
htoosphere is the tendency which is observed in the 
JHpor to combine with organic impurities. This 
0t has been frequently noticed, and is specially 
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referred to by Dr. Parkes, of the Netley School, i 
his invaluable treatise on Hygiene.* He saysj 
"The most important class of diseases produced 
impurities in the atmosphere are certainly cai 
by the presence of organic matters floating in 
air ; and from the way in which, in many cases, 
organic matter is absorbed by hygroscopic fli 
stances, it would appear that it is often combii 
with, or is at any rate condensed with, the waters 
the atmosphere." 

Having thus entered a general protest againsti 
very humid artificial atmosphere, and stated 
belief, and the reasons on which it is founded, thati 
dry quality of air has many advantages, and if 
from impurity is perfectly consistent with healt 
it remains to be said that common experience die 
that a room heated to 70^ and upwards at a heij 
of five feet from the floor, becomes more tolei 
by the artificial addition of moisture unless it 
receiving vapor from the presence of a large ni 
ber of persons or from many gas-burners or 
modes of lighting. Where the register is in 
floor and the heated air ascends vertically, a 
momcter ina room will show the temperature to 
very much higher near the ceiling. Witii 
degree of heat there can be little doubt that evaj 
ation from the skin and lungs is really inci 
and this in equal degree whatever may be 

* Parkes' Hygiene, p. ^\, 
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«>de of heating. Could heat be more equally 
ttfused throughout a room warmed by a register 
I it is by the radiant heat of an open fire, such 
^peratures as we now so often encounter iu 
jprelling-houses would not be demanded, and the 
l^ed of artificial evaporation would not be felt ; but 
% point of fact it is very common to find the carpet 
plrmed only to about 60°, while at the height of 
jne head it is 70°, and at the ceiling many degrees 
Sgher. Artificial evaporation also tends to reduce 
lie temperature, a certain amount of heat being 
Ibstracted by the conversion of water into vapor. 
There are many persons so constituted that a 
Hoist air is more a^^reeable to their feelin'2:s than 
K dry air, and for the same reasons doubtless, what- 
^er they may be, which would lead them to prefer 
climate of Nantucket to that of the interior of 
continent. 
It should also be stated that iii certain inflammatory 
irritable conditions of the respiratory organs a 
moist air is of inestimable benefit. Having 
las said more than w^e intended on the subject of 
moisture, it only remains to add that the evap- 
Lting apparatus usually placed in furnaces is quite 
[equate to produce any efl^ect appreciable by the 
>t-balb hygrometer. To change the humidity of 
Bie air under good ventilation, a large and shallow 
l|Ui exposed to the full heat of the furnace and cou- 
Ihuitly supplied by a cock whose iao\^X!aevi\.^ ^2t^ 



plated by a ball floating ou the water, or «1« 
"renewal of the water by pailt'iils daily, are indifipsa 
aable. 

Probably the most useful way in which to ti 
vapiir to the air of a dwolling-houoe la by sotneal 
tuchinents oyer the registers, provided they do W 
obstruct the ingress of air on which both wai 
and ventilatiou are dcpendeDt. By such ndji 
xnuata luoist air may be thrown where desired, i 
the iuconvenieiiue aud cUacomfort of fiudiug it c 
densiug and dripping lirum the cold glass of theflij 
light may be in part at least avoidod. 

If as we Itelieve the peculiar effects upoD 
huniHU system attending the combustion of antbn 
cite are not due to any change in the character 
ail' or its contents by the contact of highly heal 
iron, or to tlie abstraction of moisture, v/b idi 
look next at the composition of this fuel and I 
jii'odncts of its combustion. 

Anthracite coal is nearly pure carbon. Cro's C 
tionary and Professor Blojtuia give the imalysifl 
American anthracite as follows : — 



Oarboii, . 

Volatile MaUers. . 



ya.80 Carbon. . . WJ 
. 6.42 Hjdrogen, . . . S. 
, 1.28 NUruficu, n 
Osygen, 

lOO.OO Sulpliur, 



*OUctl]rsUleai aloinlna, and peroxidsof ti 
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The composition of anthracite may be said to 
^er from that of all other fuel in common use, 
except charcoal, in the very large proportion of 
pure carbon and the very small proportion of com- 
pbunds of hydrogen. 

f The products of its combustion may be stated to 
ffe carbonic acid and carbonic oxide gases, with a 
pnall amount of sulphurous acid gas and watery 
hipor. 

^ Anthracite burns without smoke or soot and 
0mo8t entirely without flame. When combustion 
m complete the products may be said to be carbonic 
icid gas and water, and the fumes of sulphur which 
Irlthongh small in amount are often perceived. 
^ Combustion is however seldom complete except 
In the furnace of a steam-boiler where the heat is 
Ihtense and small supplies of fresh fuel are con- 
itently added ; and not even in this case unless the 

Epply of air passing through and over the fire is 
undant. Every one has observed the difficulty in 
inging a mass of anthracite in a stove or grate to 
bhe point of free^ and complete ignition, particularly 
h cold weather. Owing to the great density of 
le fuel heat is conducted away from the surface, 
lad such exposed portions can hardly be raised to 
te temperature required for burning. 
* We will suppose the fire to be fairly kindled and 
I mass of anthracite thrown over it. The process 
frfaich follows may be thus deacrvbeA- T\v^ ^vJwa^ 
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combustion of the lower range of coal in contackj 
with the fire gives origin to carbonic acid gss. 
This, rising through the mass of heated coal aboyeij 
is deprived of a portion of its oxygen and issi 
from the surface as carbonic oxide gas. In 
form it escapes by the flue for a period depei 
ing on the activity of the fire and the amoi 
of air admitted. Finally, when the temperature 
the mass is rafsed, if the supply of air is sufficic 
it breaks into a pale-blue flame signifying its 
version into carbonic acid gas. This may often 
observed on suddenly opening the door of a si 
or furnace. Without a supply of air it contini 
to pass ofl^ as carbonic oxide ; with a supply .of 
and a sufBciently elevated temperature it bui 
and becomes carbonic acid.* Sulphurous acid 
from the combustion of the sulphur is continuaDj 
given off in small amounts. 

The properties of these gases are now to be coi 
sidered. The opinions which have for a long til 
prevailed concerning the poisonous nature of 
bonic acid are greatly modified b^ recent obsei 
tions. 

Its singular harmlessness and even its. refresl 



I 



* Barreswill (Journal fur Praktlsche Chemie, vol. Lxu.)t]iiiill| 
that at low temperatures, carbon is converted into cartKMiC 
acid, and at high temperatures into carbonic oxide ; and ex- 
plains in this way the more poisonous influence of a defecUTl 
Sue than of a pan of open coals. 
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l^'malities when received by the stomach in efferves- 
pJEDg drinks ; the impunity with which considerable 
Iteounts can be breathed by the workmen in soda- 
r factories; its use by Dr. Simpson of 
inburg as an ansesthetic agent, diluted with two 
of air, — those and similar observations have 
many chemists to doubt whether it was by itself, 
ctly speaking, poisonous. The statements made 
physiologists and chemists are still conflicting, 
t the tendency of opinion is evidently to rank it 
ither with the obstructors of respiration than with 
Ae poisons. 

t". Dr. Taylor says, in reference to this question, "It 
N absolutely necessary to make a distinction be- 
N^een the contamination of air by the addition of a 
pNToportion of free carbonic acid, and the case where 
fkis gas is produced by combustion or respiration."* 
M. Bernard states that carbonic acid is not poi- 
nous, and that when an animal dies from breath- 
this gas its death is owing to the mere want of 
pirable air ; hence he considers jts action to be 
rely negative like that of nitrogen ; in short that 
operates not by poisoning but by inducing suflTo- 
htotion. t 

r M. Guerard has breathed large amounts of car- 
Ibonic acid from the expansion of liquefied acid 
Krithout inconvenience. His opinion is that ^ car- 

^ ♦ Taylor's Med. Jurisp., p. 711. 

* f Substances Toxiques, p. 1^7. 

■ 3* 
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bonic acid is rendered more fatal by the presence 
of carbonic oxide, and that a quantity of each, whioh 
if respired alone would be innocuous, may become 
fatal to life if respired in mixture." * 

Regnault f asserts that carbonic acid can 
breathed with impunity provided there is sufBciei 
oxygen to maintain respiration. Wo shall aj 
refer to the action of this gas when mingled with^ 
others, but meanwhile it may be said that it seei 
most probable that it does really possess acii¥i 
noxious properties of its own and that when 
respired its effect is narcotic. There is an impor- 
tant distinction certainly to be made betweeu 
carbonic acid and nitrogen, since the former ift 
readily absorbed by the blood. At the same time 
its most injurious influence is doubtless found in the 
obstacle which its presence offers to the free escape 
of carbonic acid by diffusion from the blood of the! 
venous circulation in the lungs. 

Concerning the properties of carbonic oxide gas, 
there is no discrepancy of opinion among physiolo-j 
gists or chemists. It is an active poison, inodorous^ 
tasteless, and absorbed by water only in a slight 
degree. 

Lcblanc says : " One volume of it diffused 
through one hundred volumes of air totally unfits 
it to sustain life ; and it appears that the lamentable 

* ADnales de Hygiene, 1843, T. 2, p. 66. 
t Taylor's Med. Jurisp., p. 716. 
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ecidents which too frequently occur from burning 
Imrcoal or coke in braziers or chafing-dishes in 
lose rooms result from the effects of the small 

ntity of carbonic oxide which is produced and 
ich escapes combustion, since the amount of car- 

lic acid thus diffused through the air is not sufR- 

(nt in many cases to account for the fatal result."* 

Leblanc analyzed the vapor from burning char- 

i\ which proved fatal to a dog, and found carbonic 

dd 4.61 parts, carbonic oxide 0.54 parts. 

Watts' Dictionary of Chemical Science says : 

Carbonic oxide gas is very poisonous, acting 

liefly on the nervous system, causing giddiness, 

imetimes acute pain in various parts, and as- 

lyxia." 

A very complete examination of the poisonous 

►perties of carbonic oxide has been made by M. 

irnard. Professor in the College de France, f He 

lys : '* Carbonic oxide is one of the most poison- 

IB gases known. For a long time it was sup- 

\ed that under these circumstance^ (death by the 

les of charcoal) the poisonous agent was carbonic 
id, which in all combustion is produced in consid- 
ible quantity. Recently in examining the subject 

;b more care it has been discovered that besides 
•nic acid, there is formed in these cases 

►tber very deleterious gas, — carbonic oxide. 

* Bloxam's Chemistry, and Taylor's Med. Jurisp. 
t LegoDs sur les effets dcs substances toido^^^. 



Carbouic acid was then ooiisidered quite innocei 
by most of those who admittod that in poisoning I 
the fuui(!S (if charcoal the deadly agent was carbra 
^oxide. We have seen that this is incoirect, atidi^ 

Ktb may be caused by either of these gases. ] 

1 case of carbonic oxide, death results iVom pc 
II thu case of carbouic acid, from asphyxut 

Many experimeuts were Piade by M. Bernai-d b 
fore his class showing the efl'ccts of carboiiio oxi( 
on the lower anloiaU. The results are seen id tl 
action of this gas upon the blood, by which It 
readily tnken np through the Inngs and jxisses iH 
the general cii-cutation. He finds the globutes 
the blood to be paralyzed, in a certain senBO, by I 
presence ; that they become uii^tted for their offioi 
that the blood remauia red ; that the eonversioo < 
arterial into venous blood is arrested ; and tb^ ti 
nuimul dies as if l»y prasalc acid. When the 
of this gas administered is insufficient to Ctt 
death the auimal recovers on being snppUed tl 
atmospheric air and exhibits no enbseqitent 
effects. 

M. Bernard also confirms the opinion of M. G 
rard, before referred to, tliat the mixture of carbaa 
acid and carbonic oxide is mare dangeroos til 
either respired aloue. 

Dr. Letheby, Pitjfessor of Chemistry in the M" 
icul (Jollego of thu Loudon Ilospital, nayn, "he 1 
ifr^'.oai'bouic oxide on birds aoi 
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huinea pigs. An atmosphere having two per cent. 

this gas will render a Guinea pig insensible in 

o minutes, and in all these cases the eflFects are 

same; they fall insensible, and either die at 

ice with a slight flutter hardly amounting to con- 

ilsion, or they gradually sleep away as if in pro- 

md coma. The post-mortem appearances are not 

ay striking; the blood is a little redder than 

tl, the auricles are somewhat gorged with blood, 

the brain is a little congested." * He also says 

'*This gas in a more diluted condition is still 

>le to exert an injurious action, and it is very 

•obable that the singular catastrophe which hap- 

ined at Clayton Moor, in 1857, was caused by the 

'usion into the air of carbonic oxide gas from the 

lighboring furnaces. There is a row of cottages 

ir to these furnaces, where, in the month of June, 

1857, a number of persons were seized with insensi- 

ity which soon passed in some cases into coma 

id death. About thirty persons were thus at- 

)ked, and six died. The efiects were attributed 

the time to the escape of sulphuretted hydrogen 

)xs\ the slag on which the cottages were built ; but 

is more than probable they were caused by the 

;e of carbon from the furnaces." 
M. Adrien Chenot, a chemist of the French Acad- 
iy,t relates a case of poisoning by this gas in his 

f- * Chemical News, April, 1862. 

f t Comptes Rendus, T. 38, 1854. 
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own person. Being anxious to examine t 
yielded by his process of smelting zinc ores, s 
having a suitable instrument at hand, he 
mouthful of carbonic oxide from his furnac 
pipette. While thus holding it he was su 
struck on the back by an assistant and the g 
inhaled. He fell as if struck by lightnin. 
eyes were turned back in their orbits, the si 
discolored, the veins were swollen and pres 
black tint under the skin, and there were 
pains in the chest. After removal to the o 
sensibility gradually returned. Among the 
described, M. Chenot says he felt as if hif 
was violently compressed ; for several day 
was a feeling of depression and languor, ( 
digestion, and obstinate and heavy sleep; j 
many subsequent weeks a morbidly excited i 
the nervous system. 

Similar effects are described in the same 
of the "Comptes Rendus" as resulting fr< 
escape of carbonic oxide from a balloon wh 
been filled by the gas (water gas) produced 
passage of vapor over charcoal heated to r 
The aeronaut nearly lost his life. 

M. Chenot also relates several instances ir 
poisoning resulted from inhaling carbonic 
when greatly diluted. 

The deadly gas thus described is producec 
dantlj in all ordinary combustion of ant] 
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( pale blue flame presents au appearance peculiar, 
itinctive, and not to be confounded with any 
ler. It flickers over our grates, stoves, furnaces, 
i appears in whatever form anthracite is burned. 
is seen at night burning as it issues from the. 
Imneys of factories and steamboats using this fuel. 
'en the free combustion in such places where 
pplies of coal are added fevery few minutes is 
m to be insuflicient to burn and convert it into 
> comparatively safe carbonic acid until it 
iches the outer air. 

Does this gas really escape from our grates, and 
►ves, and furnaces, and mingle with the air we 
^the ? Although carbonic oxide is completely in- 
orous, another gas with which it is mixed is not. 
one escapes it may fairly be presumed the other 
66 also. Who of us is not perfectly familiar with 
I pungent, irritating fumes of sulphurous acid gas, 
kich we are liable to meet with wherever and in 
latever form hard coal is burned, whether in open 
ites, stoves, or furnaces? Perceptible in various 
|rees, its existence is often denied by those who 
V^e been long accustomed to it ; for habit dulls the 
186 of smell in a remarkable degree ; but coming 
m the open air it is often evident enough. Per- 
IB subject to spasmodic asthma can perceive it 
OQgb its effect upon the air-passages. When the 
rfi; of a furnace is checked by the sudden cooling 
^<he flues from the addition of £\:e^\x c^o^ >^ \^ 



36 



ANTHRACITE AND HEALTH. 



especially evident. In an open grate with a 
draft it is least perceptible ; but even here wl 
the grate is newly filled it can generally be 
ceived by putting the face close to the mantel- 
. The presence in anthracite of this minute pro] 
tion of sulphur is of real advantage in its dome 
use, since like the irritating smoke from wood 
soft coal it warns us of danger and furnishes 
measure, however imperfect, of the amount 
poisonous and inodorous material with which iti 
associated. Without it the combustion of ant 
cite for warming our houses would be far less 
than it actually is. 

The proof that it escapes into the air-chamber 
furnaces is not however dependent upon the sei 
of smell. Litmus paper placed over the regii 
of an ordinary furnace in which no smell of 
phur may be perceived is in a short time not oi 
reddened but bleached, showing unmistakably 
presence of sulphurous acid. 

Another kind of proof that carbonic oxide 
mingles with the air of our houses is found in its 
served effects ; and in this respect it resembles 
evidence on which certain green papers have 
convicted of conveying arsenic poison to the air 
rooms. Arsenic found in the paper, and a cei 
train of symptoms corresponding with known effc 
of arsenic in the bodies of those who breathe the 
which has been in contact with the paper. An ii 
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l^rous, insidious, stupefying, poisonous gas in the 
.te or furnace, and in the persons of those exposed 
its influence peculiar sensations, vaguely associ- 
by experience with the burning of hard coal, 
it having a remarkable correspondence with the 
rtained effects of the inhalation of carbonic oxide. 
emists are not required to find the arsenic in the 
to prove the reality of the poison, neithef have 
ty yet discovered the carbonic oxide. Its dis- 
Ivery in either case when existing in amounts only 
cient to produce the effects observed would 
a matter of great difficulty. 
It may however be objected that the air of the 
m is directly exposed to arsenic poison, while 
le poison of Carbonic oxide is safely conducted up 
flues and out of the house. That it is so con- 
ed for the most part is certainly true, or we 
•uld none of us be living to consider the question ; 
it that a portion is also thrown into our houses 
y be shown by other reasons than those derived 
its observed effects or from its association 
the fumes of sulphur. 
An open grate burning soft coal throws into the 
m particles of soot as all house-keepers know by 
eflTect upon furniture. 
Min open fire of wood communicates to the room 
culiar flavor of acetic acid and often a trace of 
^ent smoke. 
I both cases the amount of these matters is da- 
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lined by the oonipletoucss of tlie clmft, tbcil 
tiie weather, the way id which the fire iis bifl 
oponiiig and shutting of doors, mid a varie^ 
iil:ir uoiiditious fwiuiliar to everybody. The» 
no rcasf)n why the poisonous gases from 
burned in a grate, althongh invisible, should i 
escape with equal freedom and from the - 
causes. There is even more reason to exped 
sines modern fluoa for using this ooa! aro frequad 
made only eight inches in diameter. Thia 8i« 
fine stands in no proper relation with the RiMfl 
exposed in front of the fire ; and consequents^ 
considerable amount of air being drawn within I 
range of sueli a fire and receiving a portion rf'^ 
products of combustion, fells to find cgresB I 
flows in part over the mantel -shelf. 

Cast-iron stoves and furnaces are oecessal 
made in pieces, and these pieces must separata V 
expansion and contraction of the metal. 
o fastenings can resist this power, and soiW 
mafeers of furnaces recognize the fact by u 
Le pieces to simply rest upon each other in grofi 
filled with sand or with some other materinil 
irmly fixed to the iron. As these parts are I 
ited by the application of heat to continual da 
form, some portions being also exposed to f^ 
lat than others, they are warped, the flitil 
become loose, and openings are left through ii 
<l» JfOdBCt|g.<rf-WltWiai«» V«aW \\\tct the i 
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How many furnaces, new or old, would prove 

jbe water-tight in the fittings of their parts, sup- 

dng them to be put to such a test? 

pCet in the way furnaces are often used to save 

and superfluous heat, the dampers partly closed, 

which is the same thing, air admitted to the 

lel between the fire and the flue, a very slow 

imperfect combustion going on, and the gasea 

lin the fire-pot nearly stagnant, nothing short 

water and air-tight fittings can prevent an escape 

taking place bet\yeen the joints. 

tst iron is also frequently defective in its struc- 

I, and this is so well recognized a fact that the 

)t rigid tests are required before it can be used 

many of the purposes to which it is applied. 

jt-iron tubes for the conveyance of illuminating 

are subjected to very heavy pressure before 

)iy can be safely used by the gas companies. It 

f.quite as important that our anthracite-burning 

>ves and furnaces should be examined for the 

>very of imperfections with equal care ; but that 

are so in all cases may at least be doubted. 

[Certainly, wherever and however an opening 

its, whether by imperfect fittings of the parts or 

I defects in the casting of the iron, the law of 

don of gases must operate to mingle the con- 

U of the fire-pot, furnace, and smoke-pipe with 

external air unless the current passing up the 

18 very active. 
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But it is not even essential to prove that b 
stoves and furnaces permit the passage of gsu 
through their joints and fittings or through defia 
in their casting. A surprising discovery has qi 
recently been made in France which has a n 
important practical bearing upon the question 
are considering. MM. St. Claire Deville 
Troost, of the French Academy, have publishe 
the "Comptes Kendus " an account of their ex] 
ments upon the permeation of metals by gases, : 
which it appears that several metals, including i 
when heated to a dull red heat, permit the pas 
of gases directly through their substance, and 
by virtue of a property thus described : ** In 
als the porosity results from the dilatation ^s 
heat induces in the intermolecular spaces, 
related to the form of the molecules, which we 
suppose to be regular, and with their ' alignen 
which determines the cleavage or the planes of 
ture among crystallized masses." * 

It will be observed that this theory of the 
nomenon harmonizes perfectly with the new phi 
phy of heat as explained by Professor Tynda 
his " Heat a Mode of Motion." Of the fact o: 
penetration of metals by gases, abundant evi( 
is presented. 

The first of the articles by MM. St. ( 

♦ Comptes Rendus, T. 5T, p. ^^5, Vft^, 
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>ville and Troost is entitled, *' Upon the perme- 

>ility of iron at high temperatures." * It is here 

>wn that heated cast iron permits the passage 

if hydrogen gas ; the tubes through the walls of 

rhich it freely passed were of the thickness of from 

ivee to four millimetres, or about one-seventh 

an English inch. The second communication 

m the same subject is entitled, "On the passage 

gases through solid homogeneous bodies." f The 

allowing is an extract : ^ I am able to demon- 

Utrate to physicists the great interest which attaches 

;to these experiments upon substances as perfect 

iron and platinum. These bodies resist elevated 

temperatures ; their feeble conductibility facilitates 

¥ery much the construction of apparatus ; they are 

permeable at ordinary temperatures, but this 

roperty develops as they are heated. As these 

bstances are homogeneous the phenomena which 

ey exhibit are free from disturbing causes such 

attach to experiments upon materials obviously 



>rous. 



» 



In seven experiments which are minutely de- 
[tcribed hydrogen, nitrogen, and carbonic oxide 
jes passed readily through the walls of cast-iron 
ibes three millimetres (about oue-tenth of an Eng- 
lish inch) in thickness. 

The experiments of the French chemists are 
oonfirmed in all essential points in England by 

•Comptes Rendus, T. 57, 1863. t Comp\.fts^^\iOiX\s,T.^^ A^'^'^- 

4* 
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Prof. Graham, F. K. S., Master of the Mint. < 
immediate and practical concern is with the pe 
tration of iron by carbonic oxide and carbonic i 
gases. It appears that it is by reason of this pi 
erty that iron is converted into steel. 

The comments of Prof. Graham upon this p 
tration of iron by carbonic oxide are as follows 
" Pure iron is then capable of taking up at a 
red heat and holding when cold, 4.15 volume 
carbonic oxide gas. This fact, confirmed in vai 
experiments, explains partly, if not entirely, 
abundance of carbonic oxide observed among 
natural gases of iron in several experiment 
MM. Deville and Troost. In the course of its j 
aration wrought iron may be supposed to occ 
six or eight times its volume of carbonic oxide 
which is carried about ever after. How the < 
ities of iron are afiected by the presence of si 
substance, no way metallic in its characters, lo 
up in so strange a way but capable of reaj^pej 
under the influence of heat at any time with 
elastic tension of a gas, is a subject which m 
lurgists may find worthy of investigation, 
relations of the metal iron to carbonic oxide 
appear to be altogether peculiar. They ca 
fail to have a bearing upon the important pre 
of acieration 

"The inquiry suggests itself whether acier 
would not be promoted by alternation of temi 
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Dre frequently repeated. The lowest red heat, or a 
iperature even lower, appears to be most favor- 
le to the absorption of carbonic oxide by iron, 
for impregnating the metal with that gas ; while 

jtDuch higher temperature appears to be required 
enable the metal to decompose carbonic oxide, 
appropriate the carbon and become steel." * 

It clearly appears from the experiments of MM. De- 

e and Troost, and the remarks of Prof. Graham, 

it iron at a low red heat, or even lower, can take 

this most deadly poison from our anthracite coal 

permit its passage directly through the sub- 

nee of the metal. 

Does this not offer a reasonable explanation of 
injurious influences of our iron stoves, furnaces, 
smoke-pipes, when excessively heated? 

These influences are real. It cannot be mere 

gination which has so generally associated highly 

ted iron with unpleasant and peculiar sensations ; 

the connection has been mysterious. To say 

t air is scorched is vague and indefinite. The 

imponent parts of air are certainly unchanged ; the 

ygen, nitrogen, and watery vapor remain as be- 

►re. The dust in the air is, or may be, charred 

even burned ; but is it at all probable that the 

fing or the complete combustion of minute 

lounts, hardly perceptible by the sense of smell, 
the substances of which dust is composed, even 

r *ZoDdoD Philosophical Magazine, Vol. xxxn., \^^* 
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f -t ~::i:c ztAU'M: hi dii^ iCfH jet lof an nnTentilat 
r:t:ui. !t:iLi: r~'^ ^-is^ CO i jteemliar fyrm of 1m 

'^•t in-T-i i^m^ ;dia£ dient £#aa^rat capabk 
cru: I'lin:! 'ii**^^ •hEhic* : tfasiS cubonic oxide alwa 
z^'jI I'ltr:? tii»Hii wbf^ inhskLad ; tlkit carbonic oxide 
r'.r^t^l Li ill .:t:cibu8itii>a rf antiiRieite; that it 
ILi.'l-: :: ■*?=*!;ij:>»* Li ^^Terol wavs frum the snii 
•t. tt?^. iji'l f :r!Lic^*» in wiiiofc it is bomed ; and d 
1.T \L^i^ Liriirr ir»i i:i:'Cim!i>ttIr nscd it can hardly 1 
t«: siaj'^ in :rr»rMt.er or k** amounts; and that 8 
? l.r-.'^? a-.i:. in irritdtin^ gas and readilj reci 
ulz^d. U known t<> ea*.*ape- 

W^^ th^rrvfire ferl jU"?tified in expressing ouro 
vioti ^Li th:it th<r iLiL-Lbtii>a of small amounts of t 
activf: M'yj-l-f"jisja. *>jr6»>/u> oxide ffas (mingled 
rJi^uKt with c:iri»Qie acid gas, and its poidonc 
quality thus increased), is the chief and probtl 
tbe oniy aiuse of the unpleasant sensations and I 
injurious intiueuces so commonly associated with 1 
oinhu^tion of anthracite coal. 

The tir-^t istop iu the prevention of disease is t 
di.scovery of its exciting cause ; the next step ifl 
removal. The reasoniil>Ie question will be aske 
"If th^ise things are so, what is the remedy?" 
^ive up the use of anthnicite coal as a means 
warming houses would seem to be impossible. 1 
iwxt Iw/ii thing is to provide fot Ike fvee escape 
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^ smoke-flue of these poisonous gases. To do this 
ire should 

:\ 1st. Never allow our iron fire-pots to attain that 
legree of heat which permits the passage of gases 
►ugh their substance. 
2d. We should have perfect castings, and as few 
lints as possible in our stoves and furnaces, and 
lese should be horizontal, and never vertical joints. 
3d. We should never check the free ingress of 
jh air, and the perfectly free egress of the prod- 
of combustion by dampers, valves, or similar 
mtrivances of anv sort. 

4th. We should so burn the coal that under all 
»3sible circumstances a pressure of air from with- 
out inwards may be exerted upon the fire-pot, fur- 
je, and smoke-pipes. 

That this manner of using coal will be found ex- 
^nsive is unquestionable ; that keeping a free burn- 
fire in all weather will be found uncomfortable, 
equally true. Perhaps in the progress of science 
►me means may be found to obviate these and other 
lifEicuIties. 
The best and safest modes of warming houses now 
jtised are undoubtedly those in which air, drawn 
»m without, is passed through coils of pipes filled 
ith either steam or hot water in an enclosed space 
the cellar, and thence distributed above. They 
tiure however very expensive in their first cost, not 
NBftsily regulated, and liable to freeze and require 
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repairs when most needed in our coldest weather if 
the fier is neglected. 

Furnaces for burning wood have also many ad- 1 
vantages. They are simple in construction, and give 
an abundance of heat of the most agreeable quality. 
The expense of fuel, even in Boston, is very little 
more than that of coal. The disadvantages axe, 
first, the need of abundant cellar or yard-room for 
the storage of wood; second, the addition of fresh 
fuel four or five times a day ; third, the need of lai^ 
old-fashioned flues to carry oflf the smoke, a modem- 
sized flue requiring frequent cleaning ; and, fourth, 
the condensation of the products of the distillation 
of wood, impure acetic acid, in and about the flue 
and chimney. With a large flue in a house in the 
country, where wood can be bought cheap, and 
wuth plenty of room to store it, the wood-burning 
furnace would be preferable to any other. 

We can see no reason why illuminating gas 
not some day be made cheap enough to furnish heat 
as well as light to our homes. It is possible cer- 
tainly to imagine that an arrangement of Bunsen 
burners, easily regulated and graduated according to 
the weather, and furnishing as products of combus- 
tion only carbonic acid and vapor to be conducted 
into a flue as soon as formed, might be made to 
supply any amount of heat required for domestic 
purposes. 
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